Using a residual activity technique, the diffusion of nickel in niobium was studied in the temperature range of 988 to
Introduction
In the impurity diffusion in niobium, it has been noticed that the activation energies more or less approach the self-diffusion activation energy of niobium. One end face of each specimen was polished and coated with a thin layer, about 0.1 micron thick, of the 63 Ni tracer by electroplating(5).
The platinum resistance furnaces were controlled to an argon atmosphere in the furnace for the diffusion anneal.
The time for heating and cooling of a specimen, before and after diffusion was so short that the calculated correction for this effect was found to be negligible.
The diffusion coefficient, D were determined by the residual activity technique(6) using Gruzin's equation:
(1) radiation (0.063MeV) from 68Ni, a windowless flow counter was used. The absorption coefficient in niobium Under this condition, eq. (1) reduces to:
The error due to the counting geometry was very * This work was carried out at the Department of Metallurgy small for the present case and can be neglected. Thus of the preferential grain boundary diffusion was found.
III. Results and Discussion
The diffusion coefficients were determined with two specimens for each temperature at five temperatures the diffusion coefficient for each temperature are listed in Table 2 with the corresponding diffusion time. The temperature dependence of D is shown in Fig. 1 Table 2 Diffusion coefficients of 63Ni in Nb. where the plot of log D vs 1/T is found to be satisfactorily linear thus obeying the Arrhenius relation:
The activation energy and the frequency factor were calculated by the least-squares method and are listed in Table 3 along with the available data on the impurity diffusion in niobium.
In the present experiment, the total probable error in the activation energy is less than Table 3 Activation energies and frequency factors for diffusion in niobium.
The order of magnitude of the present values of D0 and Q appear to confirm the vacancy mechanism of diffusion in the present case. This is in agreement with the results on diffusion of 55Fe (7), 60Co(1), 51Cr(8), 48V(9), 44Ti(10), 113Sn(11) and 182Ta(12) in 95Nb as tabulated in Table 3 .
In Fig. 1 , the available data on the impurity diffusion in niobium are shown for comparison. The present result is shown by extrapolating to the temperature range of the previous investigations(7) using the usual Arrhenius relation. The present result is quite similar to the values obtained by Peart et al. for the diffusion of 60Co (7) in Nb. Figure 1 also shows that the solute diffusivities of three transition metals (iron, cobalt and nickel) in niobium are of the same order of magnitude and are about two orders higher than the self-diffusivity.
As the vacancy mechanism is operative here, an attempt was made to apply LeClaire's(4) theory based on the charge effect originally developed for the monovalent face-centred cubic metals to the present case. The calculated activation energy turns out to be 14.5 kcal/mol higher than the experimental value assuming 1.68A-1(10) and 0.70, respectively. Pelleg(10) has assumed niobium as monovalent in the diffusion of 44Ti in niobium, therefore, in the present case also, niobium of the result with theory may be due to the difficulties in applying this model to body-centred cubic metals.
Even Swalin's(13) theory based on the size difference between the solute and the solvent atoms was not successful in the present case.
